Aims. To evaluate the effects of substituting nurse practitioners, physician assistants or nurses for physicians in long-term care facilities and primary healthcare for the ageing population (primary aim) and to describe what influences the implementation (secondary aim). Background. Healthcare for the ageing population is undergoing major changes and physicians face heavy workloads. A solution to guarantee quality and contain costs might be to substitute nurse practitioners, physician assistants or nurses for physicians. Design. A systematic literature review. Data sources. PubMed, EMBASE, CINAHL, PsycINFO, CENTRAL, Web of Science; searched January 1995-August 2015. Review methods. Study selection, data extraction and quality appraisal were conducted independently by two reviewers. Outcomes collected: patient outcomes, care provider outcomes, process of care outcomes, resource use outcomes, costs and descriptions of the implementation. Data synthesis consisted of a narrative summary. Results. Two studies used a randomized design and eight studies used other comparative designs. The evidence of the two randomized controlled trials showed no effect on approximately half of the outcomes and a positive effect on the other half of the outcomes. Results of eight other comparative study designs point towards the same direction. The implementation was influenced by factors on a social, organizational and individual level. Conclusion. Physician substitution in healthcare for the ageing population may achieve at least as good patient outcomes and process of care outcomes compared with care provided by physicians. Evidence about resource use and costs is too limited to draw conclusions.
Introduction
Healthcare for the ageing population is undergoing major changes in developed countries due to population ageing (World Health Organization 2015) , increased multi-morbidity (Centers for Disease Control and Prevention 2013) and reforms that shift care from hospitals and long-term care facilities to the community (Van der Aa et al. 2014) . Most older adults live at home or in long-term care facilities, where a primary care physician [e.g. general practitioner, primary care geriatrician or nursing home physician specialist (Petterson et al. 2012) ] is responsible for their medical care. These physicians face heavy workloads (Dimant 2003 , Bodenheimer 2006 . Besides, relatively few medical students are pursuing careers in healthcare for the ageing population (Frank et al. 2006 , Hauer et al. 2008 , Petterson et al. 2012 . Innovative solutions are needed to guarantee the quality and accessibility of healthcare for the ageing population and to contain costs. A solution might be shifting some of the caregiving workload from physicians to nurse practitioners (NPs), physician assistants (PAs) or qualified nurses (Caprio 2006 , Goodwin & Kuo 2012 .
Background
NPs, PAs or nurses may work as a physician substitute or as a physician supplement (Sibbald et al. 2006 , Laurant et al. 2009 ). NPs, PAs or nurses working as a substitute provide the same services as the physicians, while those working as supplemental caregivers provide additional services which complement or extend those provided by the physician. Several reviews of substitution of NPs, PAs or nurses for physicians in long-term care facilities and primary healthcare have been performed (Horrocks et al. 2002 , Laurant et al. 2005 , Hollinghurst et al. 2006 , Bakerjian 2008 , Christian & Baker 2009 , Donald et al. 2013 , Martinez-Gonzalez et al. 2014a ,b, 2015 , Martin-Misener et al. 2015 . However, they were not limited to older adults, made no distinction between the substitute and supplement roles and were restricted to the nursing profession. Besides that, knowledge of the barriers to and facilitators of substituting for physicians' care in long-term care facilities and primary healthcare for the ageing population is lacking. Although NPs, PAs or nurses working as supplements to primary care physicians in longterm care facilities and primary healthcare may also be valuable (Kane et al. 2003) , the current review focused on the impact and implementation of NPs, PAs or nurses working
Why is this review needed?
Healthcare for the ageing population is undergoing major changes and innovative solutions, such as physician substitution, are needed to guarantee the quality of healthcare and to contain costs. To date, no review on the effects, barriers and facilitators of substitution of nurse practitioners, physician assistants or nurses for physicians in healthcare for the ageing population exists.
What are the key findings?
Evidence of two randomized controlled trials showed no effect on approximately half of the outcomes (patient, process of care and resource use outcomes) and a positive effect on the other half of these outcomes.
Evidence from eight studies with other comparative study designs supported the result of the randomized controlled trials, except for resource use outcomes; two studies showed a significant increase in number of acute 'unplanned' visits. Barriers and facilitators were found at social, organizational and individual levels (seven studies); e.g. at the individual level, physicians' unwillingness to share responsibility was a barrier.
How should the findings be used to influence policy/ practice/research/education?
This review indicates that substituting nurse practitioners, physician assistants and nurses for physicians in healthcare for the ageing population may achieve healthcare quality at least as good as care provided by physicians. Attention should be paid to the implementation of physician substitution, taking into account factors at the social, organizational and individual level. Additional well-designed studies are needed to draw affirmative conclusions about quality of healthcare, costs and cost-effectiveness.
as substitutes because this may be an answer to the major challenges in these settings (Lovink et al. 2015) .
The review Aims
The primary research question of this review is 'What effects are found in the literature on patient outcomes, process of care outcomes, care provider outcomes and costs of substitution of nurse practitioners, physician assistants, physician assistants or nurses for physicians in long-term care facilities and primary healthcare for the ageing population, compared with the effects of care provided by physicians only?' The secondary research question is 'Which barriers to and facilitators of the implementation of substitution of NPs, PAs or nurses for physicians in these settings are described in the literature?'
Design
This study is a systematic literature review reported according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement (Moher et al. 2009) as described in the Cochrane Handbook (Higgins & Green 2011) . For background and an extensive method section, we refer readers to the study protocol (Lovink et al. 2015) and the PROSPERO database of the Centre for Reviews and Dissemination, CRD42015024586. This review is not a registered Cochrane review as we wished to provide a broad insight into the current state of evidence on this topic by including not only randomized controlled trials (RCTs) but also other comparative studies as well. Evidence from RCTs that meet the Cochrane criteria is distinguished from the 'wider evidence' of comparative studies in the presentation of results and discussion. Funding of the review (project number: 321580) was confirmed in August 2013 by the Ministry of Health, Welfare and Sport of the Netherlands.
Search methods
The following databases were searched: PubMed, EMBASE, CINAHL, PsycINFO, CENTRAL and Web of Science, from January 1995-August 2015. The databases were searched for articles in English. The reference lists of the selected articles were searched to identify additional articles and a cited reference search of the selected articles was performed in Web of Science. The search strategy used the following four sets of synonyms: skill mix, nurse or physician assistant, setting and patient population.
Inclusion and exclusion criteria
We applied detailed inclusion and exclusion criteria concerning types of studies, settings, participants, interventions, comparisons and outcomes.
Types of studies
All original research studies with a comparative quantitative evaluation design were included, such as RCTs, prepostdesign studies and cohort studies with more than one group. We excluded non-comparative studies.
Types of settings Settings included were: general practices, long-term care facilities, home care or community services for the ageing population, hospices and geriatric ambulatory rehabilitation centres. We excluded hospital care or transferred hospital care.
Types of participants
• All patients ≥65 years old, or with a mean age of ≥70 years;
• Nurses, namely any qualified nurse working as a substitute for a physician, including, advanced practice nurses (APNs, NPs, clinical nurse specialists), geriatric nurses, district nurses, community nurses, health visitors or practice nurses;
• PAs working as a substitute for a physician;
• Physicians, namely general practitioners, family physicians, internists, primary care geriatricians and nursing home physician specialists.
Types of interventions and comparisons
Comparisons of medical or preventive medical care for older patients by NPs, PAs or nurses with care as usual where no NP, PA or nurse was involved:
• Care provided by a physician/physicians compared with the same care provided by (a) NP(s), PA(s) or nurse(s);
• Care provided by (a) physician(s) compared with the same care provided by a team of a physician/physicians and (a) NP(s), PA(s) or nurse(s);
The care provided comprised medical and/or preventive medical care. Studies were also included if care that should be provided by a physician according to the applied evidence based guidelines was not yet provided according to the guidelines until the NP, PA or nurse was introduced.
Types of outcomes
• Patient outcomes: morbidity, mortality, patient satisfaction, health status, quality of life, patient compliance, knowledge, preference for physician or NP, PA or nurse;
• Process of care outcomes: patient safety, quality of healthcare, adherence and compliance to guidelines and protocols;
• Care provider outcomes: workload (objective and subjective), job satisfaction;
• Resource use outcomes: medication use, tests and investigations, use of services such as acute 'unplanned' visits, hospital admissions, etc;
• Costs and cost-effectiveness.
Search outcome
The initial search identified 19,991 papers that were possible candidates for review (Figure 1 ). After removing duplicates, 11,340 papers remained and were screened by two independent reviewers (different pairs: MLo, LB, AvV, AP, MLa) based on their titles and abstracts, using the inclusion and exclusion criteria. This resulted in 105 articles that appeared to meet the criteria. The full text of those articles was then assessed by two independent reviewers (different pairs: MLo, AvV, AP, MLa). For both selection of papers and assessment of full-text papers, in case of discrepancies, consensus was sought between the two reviewers by discussion, or when consensus was not reached, a third reviewer (MLa or AP) was contacted. Reference tracking and a cited reference search of the included articles resulted in three additional articles. Finally, 16 articles describing 12 studies were included.
Quality appraisal
In addition to the original study protocol, we assessed the methodological quality of the RCT studies by the Cochrane risk of bias tool (Higgins & Green 2011) . To assess the methodological quality of the other studies, Cochrane recommends the risk of bias tool for non-randomized studies ROBINS-I tool (Sterne et al., version 5, July 2016) . However, this tool lacked a meticulous guidance at the time this review was conducted in contrast with the QualSyst tool which was applied as it provided an extensive guidance on how to evaluate different items (Kmet et al. 2004) . The QualSyst tool encompasses a description of calculating a summative score as well. Conversely, the use of summative scores for assessing quality or risk of bias is discouraged in Cochrane reviews, because: (a) they have shown to be unreliable assessments of validity; (b) it is difficult to justify the weights assigned to different items in a scale; and (c) scales are less likely to be transparent to users of the review (Higgins & Green 2011) . Nonetheless, it is also important to only include studies of sufficient quality, especially for non-randomized studies of which quality may vary dramatically. Therefore, the QualSyst tool was applied to define a minimum methodological quality threshold for study inclusion and to exclude those from the analysis of effects (research question one). A score higher than 0Á5 was defined as a study with adequate quality (Kmet et al. 2004) . The methodological quality of the studies was assessed independently by two reviewers (in different pairs: MLo, AvV, AP, MLa). Results pertaining to the effect of the intervention will be presented as 'Evidence, based on RCTs' and as 'Wider evidence, based on non-randomized studies'.
Data abstraction
Study design, methods, participants, intervention, outcomes, results and implementation barriers and facilitators were identified by two independent reviewers (in different pairs: MLo, AvV, AP, MLa). Differences were resolved by discussion, or a third reviewer (MLa or AP) was contacted. Missing information was retrieved from the corresponding author in six cases.
Data synthesis
To answer our primary research question, we only included studies with a quality score higher than 0Á5 and which reported the outcomes of statistical analysis. Because of the heterogeneity of included studies such as different settings, different countries, different care providers, different outcome measures and the bias related to the inclusion of designs other than RCTs, it was not possible to conduct a meta-analysis (Higgins & Green 2011) . Therefore, the results of this systematic literature review are presented in tabular form and for each setting, a narrative summary based on the size, direction and statistical significance of the effects is presented. In addition, the identified barriers to and facilitators of physician substitution in healthcare for the ageing population are described.
Note that in our initial protocol, it was planned to grade the evidence by using the GRADE guidelines (Guyatt et al. 2011) . The GRADE guidelines grade the quality of the results of a meta-analysis, for example by means of its precision and consistency. Because no metaanalysis was performed, we contacted the first author of the GRADE articles who suggested using the confidence intervals of each individual study to grade the evidence. However, this was also not possible, as most papers in this review did not report a mean or relative risk with a confidence interval, nor could it be calculated, as the number of patients was not reported (Ackermann & Kemle 1998 , Klaasen et al. 2009 ). In conclusion, it was impossible to grade the evidence according to the GRADE guidelines.
Results

Characteristics of studies
For detailed characteristics of the studies, see Table 1 and for additional description of the intervention, see Table S1 . The 12 included studies showed a range of study designs: two RCTs (one using a posttest only design), three pre-test, posttest designs without a separate comparison group, one posttest only with two group design and six studies using a historical cohort with a two or three group design. Year of publication varied from 1997-2015. Most studies were conducted in the USA, followed by one study from Canada, one from Sweden and one from Japan. Mean age of the older adults varied from 72 years to 86Á3 years. Sample size varied from 114-2575.
Seven studies took place in long-term care facilities and nursing homes. In five of these studies, the care provider was a NP, in one a PA and in one study both a NP and a PA were deployed. The other five studies were performed in primary healthcare settings. In three of these studies, the care provider was a NP, in one a nurse and in one study both a NP and a PA were deployed. Four of 12 studies reported on the effects on patient outcomes, six on process of care outcomes, none on care provider outcomes, six on resource use outcomes, two on costs and seven on implementation. scored unclear in the study of Agvall et al. (2013 Agvall et al. ( , 2014 and high in the study of Ganz et al. (2010) for several reasons, including the fact that one pair of physicians switched intervention/control group status and the fact that there was an uncorrected difference between the intervention and control group at baseline. The methodological quality of the other comparative studies is at risk of bias just because they are not of a randomized design (Higgins & Green 2011) . The risk of bias measured by the QualSyst tool varied from 0Á23 to 0Á77 (Table 3) . Reported outcomes that were not statistically analysed were not described in this review. Two studies scored lower than 0Á5 and were excluded from analysing the effect of substitution.
Quality of studies
Evidence of two RCTs
Two studies in primary healthcare met the Cochrane criteria (Ganz et al. 2010 , Agvall et al. 2013 . Their results are described below (Tables 4 & Table S2 ).
Effects on patient outcomes
In the study of Agvall et al. (2013 Agvall et al. ( , 2014 , a composite endpoint was calculated for heart failure patients with a higher score for positive outcomes. This composite endpoint included the following outcomes: changes in ejection fraction (EF), N-terminal pro brain natriuretic peptide (NTproBNP) levels, quality of life, hospital admissions and mortality. The intervention improved the composite endpoint of heart failure patients from À37 to 25 (P = 0Á01). At the start of the study, there was no significant difference in the number of patients with an EF <40%, in both groups. However, after the intervention, there was a difference in favour of the intervention; 33 patients compared with 45 in the control group (P = 0Á03) had an EF <40%. The change in NT-proBNP level before and after the intervention was significant in the intervention group; it decreased from 1091 to 895 ng/L (P = 0Á01). There was no significant before/after difference in the control group [588 vs. 671 ng/L (P = 0Á5)]. No significant difference in change of quality of life scores was found between the groups. Agvall et al. (2013 Agvall et al. ( , 2014 also found that the average patient quality-adjusted life years in both the control group and the intervention group did not significantly change during the course of the study.
Effects on process of care outcomes Agvall et al. (2013 Agvall et al. ( , 2014 found that before the intervention, there was no significant difference in the number of heart failure patients on treatment with renin-angiotensin system blockade between the control group and the intervention group. After the intervention, there were 68 patients on treatment with renin-angiotensin system blockade in the control group compared with 79 in the intervention group (P = 0Á002). There was no significant difference in the number of patients on treatment with beta-blockers between the control group and the intervention group either before or after the intervention. The same study reported that for patients in the intervention group, the percentage mean dosage of renin-angiotensin system blockade of the optimal dosage was 94% compared with 69% in the control group (P < 0Á001). There was no significant difference in the percentage mean dosage of beta-blockers of the optimal dosage (Agvall et al. 2013 (Agvall et al. , 2014 . Ganz et al. (2010) found a higher score on the Assessing Care of Vulnerable Elders-3 (ACOVE-3) quality indicators in favour of the intervention, 54% compared with 34% in the control group (P < 0Á001).
Effects on care provider outcomes
No outcomes were reported in the included studies pertaining to the effect of NPs, PAs or nurses on care provider outcomes.
Effects on resource use outcomes Agvall et al. (2013 Agvall et al. ( , 2014 found that the number of emergency department visits (not resulting in admittance) was 11 in the control group and two in the intervention group (P = 0Á001). Agvall et al. (2013 Agvall et al. ( , 2014 reported that the number of hospital admission was lower in the intervention group, 36 vs. 51 in the control group (P = 0Á03). Agvall et al. (2013 Agvall et al. ( , 2014 found no significant difference in hospital days, number of outpatient contacts and number of primary healthcare contacts. However, when the number of outpatient contacts and the number of primary healthcare contacts were combined, there were 16Á3 per patient in the intervention group vs. 24Á3 per patient in the control group; the difference was significant (P = 0Á04) (Agvall et al. 2013 (Agvall et al. , 2014 .
Effects on costs Agvall et al. (2013 Agvall et al. ( , 2014 found a reduction in the total costs (hospital care, primary healthcare and medication) for patients in favour of the intervention group. The costs were EUR 6638 in the control group and EUR 4471 in the intervention group (P = 0Á01) (Agvall et al. 2013 (Agvall et al. , 2014 .
Wider evidence of eight other comparative studies
Below, the results of the remaining eight studies are described. See Table 4 and additional Table S2 for all outcomes. Residents physicians: n = 51
PAs: n = 24
NPs: n = 28
Usual provider physician
Usual provider NP/PA Effects on patient outcomes Three studies reported on patient outcomes, two in longterm care facilities and one in primary care. In the following paragraphs, the effects are described for each setting. The outcomes reported were: mortality, health status and quality of life.
Long-term care facilities. Mortality was assessed in one study that did not find a significant difference in the number of deaths (Johnson 1997) . One study found that patients' score for orientation decreased À0Á323 on a scale from 0-4 (4 = better orientation) for the control group compared with the intervention group (P = 0Á02), meaning that patients in the intervention group scored better on orientation (Abdallah et al. 2015) . For activities of daily living, patients' score decreased À0Á449 on a scale from 0-6 (6 = better functioning) for the control group compared with the intervention group (P = 0Á04), meaning that patients in the intervention group had better activities of daily living. On 14 other outcomes related to health status and functional ability, no significant effects were found (Abdallah et al. 2015) .
Primary healthcare. Everett et al. (2013a,b) found no significant difference in the mean HbA1c of patients with diabetes in the intervention group and the control group.
Effects on process of care outcomes Four studies assessed process of care outcomes, one in long-term care facilities and three in primary healthcare. The outcomes reported were: adherence and compliance to guidelines and protocols and quality of healthcare.
Long-term care facilities. One study found that the number of mandatory progress visits per year was similar for both groups, 4Á5 for the control group vs. 4Á6 for the intervention group (Aigner et al. 2004) . No significant difference was found in the number of annual mandatory histories and physical examinations performed (Aigner et al. 2004 ).
Primary healthcare. Cardozo et al. (1998a,b) found a higher overall performance rate on secondary prevention performance in the intervention group, 84Á5%, compared with the control group's 36Á9% (P < 0Á001), which is a positive effect. Everett et al. (2013a,b) found no significant difference between the intervention group and the control group in the number of people with diabetes who received two or more HbA1c tests. One study found a higher score on the Assessing Care of Vulnerable Elders-3 (ACOVE-3) quality indicators in favour of the intervention, 71% vs. 35% in the control group (P < 0Á001) (Reuben et al. 2013 ).
Effects on care provider outcomes
Effects on resource use outcomes
Five studies reported on resource use outcomes, four in long-term care facilities and one in primary healthcare. Outcomes reported were: number of medications used, number of acute 'unplanned' consultations by care providers in nursing home, number of emergency department visits, number of hospital admissions, hospital days, number of outpatient contacts and number of primary healthcare contacts.
Long-term care facilities. Aigner et al. (2004) found no significant difference in average number of medications used by patients. The number of acute 'unplanned' consultations by care providers in nursing homes was higher in the intervention group, 3Á0 per year, compared with 1Á2 in the control group (P < 0Á0001) (Aigner et al. 2004) . Two studies reported on number of emergency department visits. One found a reduction of the number in favour of the intervention, with 19 in the control group vs. five in the intervention group (P = 0Á006) (Ono et al. 2015) . Another study showed no significant difference in number of emergency department visits (Aigner et al. 2004) .
The number of hospital admissions was assessed in four studies. Two studies found a significant reduction in favour of the intervention (Ackermann & Kemle 1998 , Ono et al. 2015 . In the study of Ackermann and Kemle (1998) , the number was 598 per 1000 patient years in the control group vs. 371 per 1000 patient years in the intervention group (P = 0Á03). In the study of Ono et al. (2015) , the number of hospital admissions was 119 in the control group vs. 66 in the intervention group (P = 0Á001). Two other studies reported no significant difference in the number of hospital admissions (Johnson 1997 , Aigner et al. 2004 ). In addition, the number of hospital days decreased in the study of Ackermann and Kemle (1998) , from 4170 per 1000 patient years in the control group to 1310 per 1000 patient years in the intervention group (P < 0Á001).
Primary healthcare. Everett et al. (2013a,b) found an incidence rate ratio of 1Á5 for number of visits to the emergency department for the intervention group compared with the control group (P = 0Á02). Everett et al. (2013a,b) found no significant difference in the number of hospital admissions.
Effects on costs
Costs were assessed in one study in long-term care facilities.
Long-term care facilities. Aigner et al. (2004) described no significant difference in emergency department costs and hospital admission costs between control group and intervention group.
Implementation
Seven studies reported on the implementation of substitution of NPs, PAs or nurses for physicians (see Table S3 ). The information was sometimes described in the results section, but mainly in the discussion of the articles. In none of the studies was implementation an outcome measure in its own right. No process evaluations were found. Although in Table S3 the barriers and facilitators are reported for each setting, due to the large overlap in barriers and facilitators we do not discuss this separately in the text below.
Barriers
Most barriers described were related to the funding of the NP and PA. Both fee-for-service and managed care have pros and cons; in both types of funding, structural funding of the NP and PA should be guaranteed (Ackermann & Kemle 1998 , Burl et al. 1998 , Reuben et al. 2013 . It was also reported that in some cases hospital care was more lucrative than nursing home care, which was a barrier to The summary score of the QualSyst tool was calculated by summing up the total score obtained across the relevant items and dividing that by the total possible score, i.e. 28
-(number of 'not applicable' x2). 2 = yes, 1 = partial, 0 = no, n/a = not applicable.
*Poor methodological quality, excluded from the analysis of effects. Logistic models/Linear models 14 other measurements (see Table S2 ): the deployment of NPs in nursing homes (Johnson 1997 , Burl et al. 1998 . Other reported barriers were difficulties in the recruitment of a suitable NP, too limited knowledge of the NP and legislation that limited the scope of NPs (Klaasen et al. 2009 ). In addition, Aigner et al. (2004) reported an organizational barrier, namely the fact that NPs rotated quarterly to one of three groupings of nursing homes. In three studies, physicians' unwillingness to share the responsibility of patient care was mentioned (Klaasen et al. 2009 , Ganz et al. 2010 , Reuben et al. 2013 . Furthermore, a small minority of patients were reluctant to follow through on the NP referral (Reuben et al. 2013) .
Facilitators
In the study of Ganz et al. (2010) , the NP's co-management was supported by a special grant and in the study of Burl et al. (1998) , a new form of reimbursement was implemented to make nursing home care more lucrative than hospital care. In addition, the following organizational facilitators were described: (1) a run-in period for the NP (Ganz et al. 2010) ; (2) support shown by the facility and regional leadership (Klaasen et al. 2009 ); (3) practice changes based on the best available evidence (Klaasen et al. 2009 ); and (4) a full-time job for the NP, so that she is on site 5 days a week (Klaasen et al. 2009 ). Moreover, several characteristics of the NP were important to successfully implement the NP: a pioneering spirit, ability to work independently, thirst for knowledge and willingness to shape her or his own practice (Klaasen et al. 2009 ). Johnson (1997) emphasized the caring aspects of NPs; they might be more familiar than physicians with the type of comfort care that can be provided in the nursing home. In addition, the medical director's leadership and mentoring was important for successfully implementing the NP (Klaasen et al. 2009 ).
Discussion
The evidence of two RCTs in primary healthcare showed no effect, which means that substitution of NPs, PAs or nurses for physicians produced results equal compared with physician only care, for approximately half of the patient, process and resource use outcomes and it showed a positive effect in favour of substitution of NPs, PAs or nurses for physicians for the other half of these outcomes. This result was supported by wider evidence from eight other comparative studies, except for resource use outcomes; two of these studies showed a significant increase in number of acute 'unplanned' visits. Costs were assessed in two studies; the RCT showed significantly lower costs in the intervention group and in the other study there was no effect. None of the included studies reported care provider outcomes. Although the results of the comparative studies are mostly supportive of RCT results, without estimates of precision it is not possible to interpret these results due to incomplete reporting. The effects found in this review are supported by previous reviews of substituting NPs, PAs or nurses for physicians in long-term care facilities and primary healthcare (Horrocks et al. 2002 , Laurant et al. 2005 , Hollinghurst et al. 2006 , Bakerjian 2008 , Christian & Baker 2009 , Donald et al. 2013 , Martinez-Gonzalez et al. 2014a ,b, 2015 , Martin-Misener et al. 2015 . Similar to the current review, previous reviews were limited by the quality of studies. Nevertheless, all reviews showed a similar direction of effects: substitution of NPs, PAs or nurses for physicians is feasible with at least maintenance of quality and no increase in costs.
An explanation why some studies found a positive effect of substituting NPs, PAs or nurses for physicians, while other studies did not might be found in the way it is organized, but a detailed description of the roles, tasks and responsibilities of NPs, PAs and nurses is lacking in most of the papers. The results of current review show that the implementation of physician substitution is influenced by social, organizational and individual factors and these factors might also affect the impact of physician substitution. To successfully implement NPs, PAs or nurses in healthcare for the ageing population several conditions on different levels should be met. First, at a social level, there should be appropriate funding, there should be enough NPs, PAs or nurses available, legislation should enable physician substitution and the curriculum of NPs, PAs or nurses should include geriatric care (Johnson 1997 , Ackermann & Kemle 1998 , Burl et al. 1998 , Klaasen et al. 2009 , Ganz et al. 2010 , Reuben et al. 2013 . These findings are in line with a recent study published by Maier and Aiken (2016) , which studied the advanced nursing roles. They showed a diversity in how advanced practice was applied in different countries and is affected by among others financial arrangements, regulation and legislation, and education of care providers. Second, the organizational climate should support NPs, PAs or nurses expanding their role, for example with a facility leadership that challenges the status quo (Aigner et al. 2004 , Klaasen et al. 2009 , Ganz et al. 2010 . Lastly, NPs, PAs and nurses should have a pioneering spirit and the physician should be willing to share the responsibility of patient care (Klaasen et al. 2009 , Ganz et al. 2010 , Reuben et al. 2013 . Physicians might be unwilling to share responsibility because of a lack of understanding of the NP's, PA's or nurse's role, fear of malpractice, being held responsible for the actions of the NP, PA or nurse and fear of loss of professional identity or becoming less essential in healthcare for the ageing population (Resnick & Bonner 2003 , Caprio 2006 , O'Brien et al. 2009 , American Medical Directors Association Ad Hoc Work Group 2011 . Trust and respect are important for a successful collaboration; this can be accomplished by communication and a collaborative agreement (Resnick & Bonner 2003) . In addition to the evidence about the barriers and facilitators from quantitative studies, a qualitative evidence synthesis could be carried out to gain more in-depth insight (Glenton et al. 2013) .
Although substituting NPs, PAs or nurse for physicians might be an answer to the major challenges faced in healthcare for the ageing population, only more of the same will not be enough to provide good quality of healthcare for the ageing population (World Health Organization 2015) . The health and social needs of this population are often complex and long term, but most healthcare systems are organised to diagnose and cure time-limited health issues. To overcome this problem, patient-centred and integrated care should be implemented (World Health Organization 2015) . EverCare NPs in the United States, for example, reduced hospitalizations of nursing home patients by recognizing problems early and treating patients in the nursing home who might otherwise be sent to the hospital (Kane et al. 2003) . Also in primary healthcare for the ageing population, NPs, PAs and nurses provide proactive care. However, contrary to expectations, the effects of this proactive care strongly vary across studies (Patrick et al. 2006 , Rubenstein et al. 2007 , Bouman et al. 2008 , Liebel et al. 2009 , Tappenden et al. 2012 , Metzelthin et al. 2013 , MayoWilson et al. 2014 . These mixed results might be related to the different goals and designs of proactive care. Future research should not solely focus on the substitute or supplemental role of NPs, PAs and nurses in healthcare for the ageing population, but it should focus on how NPs, PAs and nurses can contribute the most to the quality of healthcare for the ageing population as one of the professionals in a team with different competences.
Strengths and limitations
A strength of this review is that the search strategy was very meticulous and extensive and the (online) tables in this review are extensive, informative and comprehensible. This review included not only RCTs but also all studies with a comparative design which provides a broad insight into the current state of evidence on this relevant topic. Studies of low methodological quality were excluded from the effect evaluation which strengthens the result section.
They were, however, included in the analysis of barriers and facilitators to provide insight in the current state of evidence on implementation of physician substitution.
Limitations of this review should be considered while interpreting the results. First, the aim was to only include studies that fully focused on the substitution role of NPs, PAs or nurses and although all designs in the included studies fulfil this inclusion criterion, it cannot be ruled out that in real practice the NPs, PAs or nurses also performed supplemental roles. The division between substitute and supplemental roles has no clear cut-off point and for the future it might also be interesting to focus on the integration of those two roles. Second, only two RCTs were included. Would this review have been a Cochrane review, only the evidence of these two studies would have been be included. Including and interpreting the evidence of eight studies with other comparative designs entails some limitations as these designs automatically imply higher risk of bias and might give a false representation of the effect, for example, most of those studies did not report confidence intervals. Despite this limitation, it is informative that 'the wider evidence' points towards the same direction as the evidence of the RCTs as most evidence showed an unambiguous view (no effect or a positive effect). Third, care provider outcomes were not reported in any of the studies and only two studies reported on costs. Fourth, despite differences in the wider context, physician substitution is an organizational intervention that is applied in many countries to maximize workforce capacity (Maier & Aiken 2016) . So, we argue that despite differences between countries and type of care provider (Vrijhoef 2014) , the systematic approach applied in this review contributes to the knowledge of the impact of physician substitution across these differences. Fifth, the QualSyst tool for quantitative studies (Kmet et al. 2004) did not address all aspects that are relevant for determining methodological quality; contamination and attrition bias are not included in this tool. Afterwards, we checked whether those types of bias were present. In two studies, there was a risk of contamination in such a way that the control group might have received the intervention, as the intervention and the control condition were provided in a long-term care facility or clinic at the same time (Aigner et al. 2004 , Reuben et al. 2013 . For two other studies, it is unclear whether there was a risk of contamination (Johnson 1997 , Burl et al. 1998 . Furthermore, three studies reported missing participants (Johnson 1997 , Aigner et al. 2004 , Everett et al. 2013a , with 31 as the highest percentage (Johnson 1997) . In three other studies, it was unclear whether there were missing participants (Burl et al. 1998 , Cardozo et al. 1998a , Abdallah et al. 2015 . Moreover, the risk of publication bias on the topic addressed in this review cannot be ruled out.
Conclusion
Substitution of NPs, PAs or nurses for physicians in longterm care facilities and primary healthcare for the ageing population appears to achieve at least as good patient outcomes and process of care outcomes as care by physicians. However, this conclusion should be viewed with great caution given the fact that only two RCTs were included. The results of the other comparative studies seem to support the trial results, but their reliability is unclear due to incomplete statistical reporting. Evidence about resource use is ambiguous and evidence with regard to the costs of care is limited to two studies. Thus, we are unable to draw definite conclusions on costs of care. To successfully implement physician substitution in healthcare for the ageing population, it is necessary that certain conditions on a social, organizational and individual (patient and care provider) level are met.
